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SERVICE-ORIENTED PROCESS
CONFIGURATION SYSTEMS AND/OR
METHODS

FIELD OF THE INVENTION

Certain example embodiments described herein relate to
service-oriented business process systems (SO-BPSs). More
particularly, certain example embodiments described herein
relate to techniques for matching business requirements with
available services, e¢.g., 1n connection with a realistic n-to-m
relationship therebetween. In certain example embodiments,
it becomes possible to distinguish between diverse configu-
rational operators and to elaborate on possible resolution
techniques before process execution, including identifying
and resolving configurational dependencies between service
matches, thereby supporting both future designs and
dynamic changes at runtime.

BACKGROUND AND SUMMARY OF
EXAMPLE EMBODIMENTS OF THE
INVENTION

A business process 1s a continuous series of enterprise
tasks, undertaken to help create valuable output for an
internal or external customer. A business process gives
organizational actions structure across time, place, and/or
functions. Business processes 1n general represent one way
to describe, analyze, execute, and/or control operational
structures across departments, business units, and/or even
business partners. Business process management (BPM)
relates to, inter alia, the continuous improvement of business
processes, €.g., for the sake of overall business success.
Amongst others, software-enabled business process automa-
tion 1s an instrument that may help increase efliciency and
ellectiveness of process execution. Business process models
have been established to specily processes within BPM
projects. For automation purposes, for example, business
process models may help document and structure conceptual
process requirements (business view) prior to their transior-
mation into executable (code-based) specifications (techni-
cal view). Both modeling and transformation are typically
involved 1n sound process automation.

With respect to business process modeling, it 1s noted that
business process models typically describe the logical and
timely tlow of a business process 1n a map. They may, for
example, help visualize process activities as graphical sym-
bols and connect them to a linear order. Logical operators
may indicate when the flow splits into alternative or parallel
paths, when they merge mto one again, etc. This so-called
control tlow typically 1s at the core of each business process
model. It may be complemented by additional model ele-
ments that differ depending on the perspective. For instance,
a conceptual-organizational perspective (business view)
may target the organizational process context including
intra- and inter-orgamzational division of labor, 1nteraction
between human activities, their technical support, product
outcome, etc. The modeling language event-driven process
chain (EPC) has prevailed as a de facto standard for such
conceptual business processes. It complements process
activities (business process steps) by organizational
resources responsible, imnput required, output produced, etc.,
supporting soltware application systems, organizational
objectives, risks, etc. While being rather easy to use even by
non-technical process analysts, it does include important
information on the logical flow, which makes 1t a semi-
formal requirements basis for technical process implemen-
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2

tation. It generally 1s at the transformation from conceptual
into technical business process models where business pro-
cess modeling changes the perspective from organizational
design into technical engineering.

Business process transiormation helps map the control
flow described 1n a conceptual process model mto a tech-
nical business process model. Here, 1t may be complemented
by technical information, e.g., process variables for storing
process information during execution, online forms for user
interaction, exceptions and their handling, communication
patterns  (asynchronous/synchronous), consistent data
exchange, etc. To make a process executable, process activi-
ties may be assigned to automated software functionality or
to semi-automated user interfaces, or the like. Depending on
the chosen modeling language and the targeted deployment
system, this transformation may result 1n a second graphical
diagram (e.g., BPMN 2.0, etc.) or directly into a code-based
script (e.g., XPDL, BPEL, etc.). The resulting technical

process models may be deployed into the process engine of
a business process management system (BPMS) or work-
flow management system (WFMS), which allows for start-
ing, executing, and tracking instances of the process efli-
ciently.

Many recent transformation approaches add an interme-
diary model layer between conceptual process models (busi-
ness view) and technical models (technical view). This
so-called logical view sometimes provides notations 1n the
technical modeling language (e.g., BPMN 2.0) but 1s not yet
fully executable because of missing technical features.
There are several advantages associated with this interme-
diary step. For example:

Conceptual processes may be mapped out 1n different tool
environments rather than technical processes. The lin-
guistic translation task thus may be complemented by
a technical synchromization. Both tasks may be kept
separated as much as possible to reduce complexity.

Conceptual processes may change more slowly than their
technical implementation. Thus, there may be a benefit
to a logical view that keeps track of the rather stable
business requirements.

There typically are at least three business roles involved
in the transformation activities. Each of them may have
its own perspective and context.

Attempting to provide a tool-supported end-to-end solu-
tion between conceptual and technical processes may
benefit from a bilateral synchronization level.

FIG. 1 1s a view of the three layers of business process
automation. As can be seen from FIG. 1, at the requirements
or business layer, the EPC captures business services capa-
bilities. The EPC 1s transformed to BPMN, for example, for
use at the design or logical layer. Systems and services
technologies (SSTs), technical flows, and/or the like may be
reflected 1n this second layer. The SSTs, technical flows, etc.,
may be packaged into deployable logic at the implementa-
tion or execution level. Executables may be represented in
BPMN 2.0 or the like, and there may be a “‘roundtrip”
connection between the design and implemental levels.

The 1dea of using business processes as blueprint for
cross-application software systems 1s known from the con-
cepts of worktlow management systems (WFMS) and enter-
prise application integration (EAI). One factor that makes
business process automation a technical challenge, however,
1s the plethora of heterogeneous and increasingly distributed
software systems used for executing parts of the process.
Those automated parts often further need to be integrated
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and connected along a given process tlow, which enables
their interoperability 1n the context of end-to-end business
process automation.

Most recently, service-oriented architectures (SOAs)
meet this integration challenge by exposing and integrating
remote software functionality through well-defined software
service interfaces. Early proponents thought of SOA as a
specific style of distributed software architectures based on
the so-called “find-bind-execute” relationship between ser-
vice providers and consumers. More recent notions advance
this integration view towards the potential SOA oflers for
business process automation and therefore helped position
process automation into the center of the SOA discussion.
The ability to compose services loosely opens new avenues
to 1mplementing business processes flexibly following
dynamic business requirements. The adoption of standard-
1zed service mterfaces allows for reusing services i difler-
ent business processes, as well as flexibly replacing services
according to evolving business requirements. In this sense,
SOA has been considered as a paradigm for organizing and
utilizing distributed capabilities that may be under the
control of different ownership domains. Scientific discourse
and best practices of service-oriented architectures provide
a number of service-oriented design principles. While the
SOA approach reinforces well-established, general software
architecture principles of interface-orientation, interoper-
ability, autonomy and modularity, 1t also adds additional
themes of process-orientation. Thus, service-oriented design
helps improve business process flexibility by the separation
ol process structure, e.g., process flow, and process institu-
tionalization, e.g., selection of service capabilities conduct-
Ing process activities.

Distilling requirements of business process systems based
on typical properties of their elements and relationships
reveals a high degree of polymorphy, that 1s, a multitude of
possible variations and instantiations. Pursuing the same
process objectives, multiple istances of a business process
implementation are very likely to use different approaches
and resources. This balance between homogeneous process
requirements and heterogeneous ways to achieve this objec-
tive among different embodiments characterizes the concept
of hybrid systems. The theory of hybnd systems helps
describe systems that pursue a specific goal by deploying
alternative subsystems based on runtime evaluation.

The notion of hybrid systems has gained public attention

in the domain of car manufacturing, where hybrid vehicles
are considered vehicles that use two or more distinct energy
sources or propulsion devices to move the vehicle. Hybnd
clectric vehicles combine 1nternal combustion engines and
clectric motors to attempt to strike a balance between
ecological and dynamic aspects of driving. In information
systems (IS) research and related disciplines, hybridity has
been attributed to specific information systems, algorithms,
and computing devices, as well as of business and organi-
zational strategies. As with the hybrid vehicle example,
hybrid information systems combine different approaches,
promising “the best of both worlds.” This combination of
distinct approaches helps ripen situational benefits and com-
pensate for situational drawbacks. In business processes,
diverse technical and human resource capabilities may also
represent those alternative subsystems (socio-technical
hybridity).
IS scholars generally agree on features that may be
utilized to justily a classification of business process systems
as hybrid systems. These attributes of those subsystems are
to be combined by the hybrid system at runtime to achieve
a common goal, and include:
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Heterogeneous concepts that differ from each other 1n
their characteristics or behaviors. Concepts are difler-
entiated by certain criteria that assign properties to each
concept. In a business process system, those subsys-
tems are sub-processes or resources that provide dii-
ferent approaches to solve a problem or deliver a task.
These sub-processes vary 1n their degree of automation,
availability, cost, etc. (structural properties), and their
modus operandi (behavioral properties).

Competitive concepts that are at odds with each other.
While being heterogeneous 1n nature, they compete for
a common cause, namely, the fulfillment of the sys-
tem’s purpose. In a BPS, a given process flow of
activities may be institutionalized by various rnivaling
means. Rivalry may relate to cost, availability,
expected costs, expected time a sub-process or resource
promises to deliver (structural and behavioral proper-
ties), etc. To 1dentily competing entities, their purpose
1s included 1nto their property description (e.g., a pur-
pose property).

Coexistent concepts whose dialectic forms continue to
exist side-by-side, despite their apparently contlicting
nature. They jointly serve a common cause while being
alternated according to situational circumstances. In a
BPS, diverse process resources may hold redundant
capacities to deal with diverse business situations and
requirements.

Each of those heterogeneous, competitive, and coexistent
subsystems provides an autonomous approach to fulfill the
overall BPS purpose. Opposed to this heterogeneity are
homogeneous rules that coordinate subsystems in the total
system. This coexistence of heterogeneity and homogeneity
1s an integral pattern of hybrnid systems. Thus, hybridity
provides a design approach to integration problems in dis-
tributed, heterogeneous information systems. Today’s web-
based technologies allow distributed resources to participate
in a shared collaborative process. Each of those resources
holds technical or human capabilities. Design methods sup-
porting a BPS provide answers to the question as to which
of those diverse and partly redundant capabilities are
deployed for a specific use case. Evaluation, selection, and
exchange of alternative subsystems during runtime mmvolve
an additional phase complementing traditional system
design logic of design time and runtime. During this so-
called configuration time, the system purpose and system
alternatives are aligned by continuous adaptation interrupt-
ing runtime as little as possible. Thus, the modeling and
execution of business processes are converging in those
configurative design activities. They allow recognizing situ-
ational circumstances immediately.

There are a number of software vendors that market
transformation functionalities of therr BPMS oflerings.
While most of them target service-oriented process automa-
tion, 1t 1s believed that none of them considers the implica-
tions of service-oriented business process systems being
hybrid systems and it 1s also believed that none of them
provided for configurational modeling.

Current commercially available products address the
1ssue of service configuration 1n different ways. In a majority
of cases, 1t 1s believed that a one-to-one mapping between
process steps and software services 1s assumed and docu-
mented already at design time (static service deployment).
There are a few approaches that consider dynamic human
service deployment (task assignment) at runtime, but they
do not provide for configurational activities at design time,
such as service matching. None of the existing products 1s
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believed to facilitate logically connecting service matches
based on their contribution to the respective business pro-
cess step.

It 1s noted that transformation (both mechanisms and
governance support) from conceptual to technical process
models still 1s considered cutting-edge technology, specifi-
cally given complexity of real-world process models and
organizational settings. Only few commercially available
BPMS software products offer full support. Given this
limitation, they lag behind any further, more sophisticated
implementation of matching business requirements with
available services. If anything, they provide search func-
tionalities for services based on functional parameters (capa-
bilities, mput/output). Not only 1s there no more elaborate
matching functionality available (because of the lack of
richer service description standards), further support for
handling service matching results, their dependencies, and
contribution to the business requirements, also are lacking.
As Tor dynamic service selection, e.g., automated or manual
during runtime, there 1s a broad support for human task-
related assignments (because of the 1ssue of task delegation
in human worktlows), but none for software-service deploy-
ment.

While some research approaches mvolve some singular
concepts that contribute to closing the gap between speci-
fication of business-oriented process steps and their execu-
tion through invoking services, the inventor of the instant
application 1s not aware of any that actually provides end-
to-end support for the same. For example, although vom
Brocke introduces disjunctive operators to represent logical
dependencies between service matches and mentions the
concept of configurational modeling, his approach fails to
distinguish diverse configurational operators and to elabo-
rate on possible resolution techniques before process execu-
tion. Indeed, 1t has not been integrated into a business
process transiformation process and, thus, it fails to connect
service-oriented process configuration with the runtime of
BPMS. It also does not elaborate on all possible varieties of
configurational dependencies between service matches.
Thus, 1t misses the use cases of service composition and
dynamic service selection.

In general, current approaches assume a one-to-one
assignment between process steps and solftware services,
neglecting any more realistic n-to-m relationship. As a
consequence, there 1s no support for keeping track of mul-
tiple supportive services and their logical dependencies.
Missing any preceding design decisions makes 1t diflicult to
support dynamic service deployment on-the-1ly.

Thus, 1t will be appreciated that there 1s a need 1n the art
for improved service-oriented process configuration tech-
niques, e.g., that help connect service-oriented process con-
figuration with the runtime of BPMS. Such techniques may
advantageously help keep track of multiple supportive ser-
vices and their logical dependencies (e.g., in connection
with a more realistic n-to-m relationship between process
steps and software services) so as to support dynamic
service deployment both in the future and on-the-fly.

One aspect of certain example embodiments relates to
matching business requirements with available services,
¢.g., In connection with a more realistic n-to-m relationship
therebetween.

Another aspect of certain example embodiments relates to
identifying and resolving configurational dependencies
between service matches so as to support both future designs
and dynamic changes at runtime.

Still another aspect of certain example embodiments
relates to distinguishing between diverse configurational
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operators and elaborating on possible resolution techniques
betfore process execution, €.g., in the context of an integrated

business process transformation process, so as to help con-
nect service-oriented process configuration with the runtime
of a BPMS.

In certain example embodiments, a method of configuring,
a service-oriented business process system in which busi-
ness process functions, events and services are defined 1s
provided. Business process functions are matched to ser-
vices to form an extended event-driven process chain
(eEPC), with each said service having an associated service
capability and with each said service capability having at
least one associated service resource. When multiple
matches are possible for a single business process functions,
the possible matches are merged in accordance with a
configurational operator, with the configurational operator
being one of a disjunctive operator, a conjunctive operator,
and an adjunctive operator. The eEPC 1s converted to a
service-oriented event-driven process chain (sEPC) by
replacing service capabilities with the associated matching
services and the associated configurational operator 1n
accordance with integrity rules.

In certain example embodiments, a method of running a
service-oriented business process system 1n which business
process ITunctions, events and services are defined 1s pro-
vided. The service-oriented business process system may be
configured according to the above-described and/or other
methods. When a business process function 1s to be triggered
by a preceding event, the matching service 1s executed it
there are no associated configurational operators and other-
wise resolving which service 1s to be executed in depen-
dence on the associated configuration operator.

In certain example embodiments, there are provided non-
transitory computer readable storage mediums tangibly stor-
ing instructions that, when executed by at least one proces-
sor of a system, perform the above-described and/or other
methods.

In certain example embodiments, the same or similar
systems may be provided in addition or in the alternative to
such example methods and/or storage mediums.

These aspects and example embodiments may be used
separately and/or applied in various combinations to achieve
yet Turther embodiments of this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages may be better
and more completely understood by reference to the follow-
ing detailed description of exemplary illustrative embodi-
ments 1 conjunction with the drawings, of which:

FIG. 1 1s a view of the three layers of business process
automation:

FIG. 2 shows a design process that involves both ex ante
and ad hoc service configuration for a service-oriented
business process system (SO-BPS);

FIG. 3 shows the modeling framework of an SO-BPS
architecture according to certain example embodiments;

FIG. 4 1s an 1llustrative service-oriented event-driven
process chain (sEPC) 1n accordance with certain example
embodiments;

FIG. 5 illustrates the results of service matching being
transierred from the service institutionalization diagram to
the service-oriented business process models 1n accordance
with certain example embodiments;

FIG. 6 illustrates an 1llustrative procedure and implemen-
tation plan of service-oriented process configuration accord-
ing to certain example embodiments;
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FIG. 7 1s an 1llustrative meta-model for extending process
modeling by service-oriented process configuration 1n accor-
dance with certain example embodiments; and

FIG. 8 1s an 1llustrative architectural diagram in accor-
dance with certain example embodiments. 5

DETAILED DESCRIPTION OF EXAMPL.
EMBODIMENTS OF THE INVENTION

L1

Certain example embodiments described herein relate to 10
service-oriented business process systems (SO-BPSs). More
particularly, certain example embodiments described herein
relate to techniques for matching business requirements with
available services, e¢.g., 1n connection with a realistic n-to-m
relationship therebetween. In certain example embodiments, 15
it becomes possible to distinguish between diverse configu-
rational operators and to elaborate on possible resolution
techniques before process execution, including identifying
and resolving configurational dependencies between service
matches so as to support both future designs and dynamic 20
changes at runtime. The addition of a service-oriented
process configuration layer 1s made possible in certain
example embodiments by enhancing the way that business
processes are modeled visually or notationally, and through
the implementation of a metamodel. With respect to the 25
tormer, 1t will be appreciated that the model linking process
steps and services may be extended so as to support logical
operators, rules or constraints for matching process steps
and services, dependencies and relationships, etc. With
respect to the latter, it will be appreciated that a meta model 30
may be provided so as to provide support for evaluating or
analyzing matches, sometimes automatically, at either or
both of runtime and design time.

With service-oriented business process systems, design
time and runtime can be expected to blur. The horizontal 35
dimension of the framework 1n some cases may be under-
stood as a continuum that does not clearly separate between
design time and runtime. Activities of process specification
and service 1dentification fall under the design time category,
whereas process and service execution belongs to runtime. 40
Activities 1n-between can be considered “either or” depend-
ing, for example, on the respective variation of service-
oriented architecture (SOA) construction. It will be appre-
ciated that most organizations only use a static version of
SOA, whereas actual services used 1n applications are pre- 45
selected at design time. In this case, service composition
includes only services from a service pool where all the
services are pre-selected and pre-deployed. Referring to
reference modeling concepts, an interim configuration phase
dedicated to the nstitutionalization of process structures by 50
service resource allocation, as defined by the hybrid nature
of service-oriented systems, may be introduced.

Thus, the configuration phase includes the rational selec-
tion, composition, and allocation of services to fulfill an
organizational task within a process. It underscores that 55
service-oriented system design involves continuous deci-
sion-making on activities and services. Furthermore, one can
differentiate between ex ante configuration and ad hoc
configuration. The former typically occurs on the type level
of the process before it 1s mitially instantiated. The latter 60
typically implies that when the first process instance starts,
no specilic selection of services has been made. Instead,
cach process activity 1s checked for 1ts configuration logic
that determines service selection 1n order to institutionalize
this activity. FIG. 2 1llustrates both options in the context of 65
an example service-oriented business process system (SO-
BPS) at configuration time.

8

An implementation of this configuration time into a BPM
design tool would allow for a service-oriented process
design that includes both the process flow and multiple
service automation options available to each process steps,
¢.g., offered by different third-party service providers. The
latter would be functionally equal but differ, e.g., i their
non-functional properties. Based on situational constraints at
runtime, the best service match may be selected ad hoc and
the process configured and made executable accordingly.

This arrangement 1s shown i FIG. 2, which shows a
design process which involves both ex ante and ad hoc
service configuration for an SO-BPS. As a part of ex ante
service configuration, it 1s possible to i1dentily, configure,
etc., services (S1, S2, ..., Sn), as well as activities (A1, A2,
..., An). The services and the activities may be separately
identified, configured, etc., and the services may be matched
to one or more processes ahead of runtime. By contrast, in
ad hoc service configuration, a process Al that 1s run may
lead to the ad hoc selection of a service S1 based on
configuration logic or the like which, 1n turn, leads to the ad
hoc selection of a second process A2 that 1s run and which,
in turn, leads to the ad hoc selection of a second service S2,
etc. As shown 1n FIG. 2, activities generally have associated
control logic, whereas services generally have associated
configuration logic.

As business process transformation 1s structured into three
levels of process structuring, process configuration and
process institutionalization, 1t 1s possible to equally differ-
entiate three categories of models. For instance, in certain
example embodiments, conceptual models map socio-tech-
nical systems in terms of theiwr business structures and
operations from an organizational perspective. Technical
models 1n certain example embodiments hold all informa-
tion for their iirastructure support and may be soltware-
oriented. Integrating both perspectives, configurational
models may 1nclude shared structures and operations facili-
tating alignment and synchronization of conceptual and
technical models. Those three levels may apply to all views
of the SO-BPS architecture of certain example embodi-
ments. Their vertical connection may help underscore the
relevance of a bi-directional coupling between conceptual,
configurational, and technical models. As FIG. 3 1llustrates,
modeling languages are selected and extended along these
three levels.

More particularly, FIG. 3 shows the modeling framework
of an SO-BPS architecture according to certain example
embodiments. As indicated above, levels are organized 1n a
stack including process structuring, process configuration,
and process institutionalization. Models are similarly orga-
nized in a stack including a conceptual model, a configura-
tion model, and a technical model. Example languages in
which the models may be implemented also are shown in
FIG. 3 and include extended EPC (eEPC), service-oriented
EPC (sEPC), and BPMN/BPEL (although other languages
ol course are possible). As indicated above, links between
adjacent levels, models, and languages are bi-directional.
Each of the level, model, and language containers may be
thought of as a stack including, for example, processes,
services, functions, data, organizations, and products.

For the purpose of configurational modeling, the eEPC
language may be further extended by additional service-
related artifacts to become an sEPC. As illustrated by FIG.
4, for example, they expand the process nstitutionalization
perspective to the mvolved service capability types (in the
sense of service candidates) and actually implemented ser-
vice capabilities. Fach function 1s assigned to a service
capability type that holds requirements information (1n attri-
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butes or assigned diagrams). Furthermore, it 1s connected to
institutionalization alternatives, or diverse service imple-
mentations of this service capability. Alternative service
implementations may be connected with different configu-
ration operators. A disjunctive operator (XOR) signifies that
cach of the service alternatives fully matches with the
service requirements, in that they represent exclusive alter-
natives. An adjunctive operator (OR) implies that the service
alternatives partially match and may complement each other,
in that a subset of them meets the service requirements with
joint efforts. A conjunctive operator (AND) suggest that all
service alternatives are needed to fulfill the requirements.

In the FIG. 4 example eEPC, a first event 402 calls a
function 404, which leads to a second event 406. However,
before the second event 406 can be run, the function 404
must be performed. In that regard, the function 404 has a
service capability type 408. The configurational operator
410 1n the FI1G. 4 example 1s the disjunctive operator (XOR),
signaling that only one of the potential service capabilities 1s
to be selected at a time. That 1s, the XOR configurational
operator 410 1indicates the one of a manual service capability
412 (that calls upon a human resource 414), an automated
service capability 416 (that calls upon a software resource
418), or a semi-automated service capability 420 (that calls
on both software and human resources 422 and 424) 1s to be
used as the service capability type 408 associated with the
function 404.

Service-oriented process configuration advantageously
accommodates the hybrid nature of a service-oriented busi-
ness process system. For example, 1t allows for flexibly
choosing among service institutionalization alternatives
betfore (ex ante) or during process runtime (ad hoc). Having
specified required service capabilities 1n a top-down fashion
from process requirements and available service capabilities
in a bottom-up fashion from the IT landscape, an SOA
analyst may match those two pools of mnformation. Service
matchmaking, or matching consumer needs with provider
capabilities, 1s an aspect of the SOA notion. This corre-
sponds to the view of SOA as a hybrid process system that
separates process structure from process institutionalization.
From the perspective ol service consumption, service
matching involves service discovery which, 1n turn, involves
locating a machine-processable description of a web service
related resource that may have been previously unknown
and that meets certain functional criteria. One aspect
involves finding an approprate service related resource.

Successiul results of the matching (e.g., exact matches
and semi-matches) may be documented for future reference.
It 1s unlikely to come up with only one-to-one mappings
between service candidate capabilities and available service
capabilities. Thus, in the likely event that multiple matches
or semi-matches are returned, they may be merged by
configurational operators. Consider the following examples:

Matching service capabilities are equal institutionaliza-
tion alternatives for the required service capability. A
disjunctive operator connecting them indicates that
exactly one of them 1s to be deployed.

Semi-matching service capabilities complement each
other 1n the eflort to meet the required capability. A
conjunctive operator demonstrates that they all are
needed to perform the functionality.

A mix of matches and semi-matches (with overlapping
and redundancies) connected by an adjunctive operator
may be deployed to support a human task. Their
enactment may be decided upon at runtime by the user.

Ad hoc configuration according to certain example
embodiments 1nvolves some configuration logic per process
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activity that explains how a final service institutionalization
1s derived. Whereas process logic may determine the control
flow by the status of the process object (e.g., invoice correct,
invoice 1incorrect, etc.), configuration logic may provide
non-functional criteria concerning the eligibility of a service
alternative for a specific business situation (e.g., availability,
cost, etc.). Adequate combinations of ex ante versus ad hoc
configuration may help mitigate the trade-ofl between pro-
cess reliability (e.g., robustness) and process flexibility. Ad
hoc configuration may be an economic option if the insti-
tutionalization process can be automated 1n certain example
scenar1os. If human problem-solving 1s required to deter-
mine an adequate service institutionalization, throughput
time may suller from that ad hoc configuration. Thus, the
degree of automation of the institutionalization decision
process may ailect the recommended form of configuration.
On the other hand, the less automated the process, e.g., the
more manual activities exhibit a problem-solving character,
the more relevant ad hoc nstitutionalization decisions may
become.

The results of service matching are transferred from the
service institutionalization diagram to the service-oriented
business process models as illustrated in FIG. 5. The service
capabilities ivolved may be replaced by the matching
services and their logical operators. Some integrity rules
may be observed 1n this process. These integrity rules may
include, for example:

Automated functions can only be assigned to disjunctive

or conjunctive service capabilities.

Semi-automated functions require service capabilities to
include human service capabilities and at least one
interaction service capability.

The same applies to manual functions that only are to be
assigned to adjunctive service capabilities leaving their
deployment up to the user.

The three nstitutionalization operators may be configu-
rational, such that they are resolved before the respective
process step can be executed. A disjunctive operator indi-
cates that services represent alternative forms of nstitution-
alizations for an activity. It 1s resolved by selecting one
service alternative and binding 1t to the service capability. In
the case ol a conjunctive operator, service institutionaliza-
tion 1s specified by a service composition diagram that
creates one composite service that 1s bound to the capability.
Resolution of an adjunctive operator does not occur before
the respective process activity 1s actually performed. The
table below summarizes the configurational operators for
service institutionalizations and their resolutions in accor-
dance with certain example embodiments. To illustrate the
underlying logic before runtime, a use case diagram may be
assigned to the operator and offered to the user as a set of
functionalities to pick from during runtime. All three forms
of operator resolution may occur either ex ante (at design
time) or at configuration time or ad hoc (during runtime).

Operator Type Resolution Method
Disjunctive  Alternative service institutionalization Service selection
and binding
Conjunctive Complementary service Manual use case
institutionalization
Adjunctive  Composite service institutionalization Service composition

Referring once again to FIG. 5, 1t can be seen that
automated, manual, semi-automated, and “open” functions
are triggered by and trigger events. The example process
structure for the automated function shown i FIG. 5 1s a
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soltware or other automatic service resource, and the process
institutionalization reflects a disjunctive (XOR) choice
between one of plural automatic service capabilities. The
example process structure for the manual function 1s a
human service resource, and the process institutionalization
reflects an adjunctive (OR) choice between one or more of
manual or semi-automatic service capabilities. The example
process structure for the semi-automatic function includes
both automatic and human service resources, and the pro-
cess institutionalization retlects a disjunctive (XOR) choice
between one of plural manual resources. The example
process structure for the open function includes both auto-
matic and human service resources, and the process 1nsti-
tutionalization retlects an adjunctive (OR) choice between
one or more manual, automatic, and/or semi-automatic
service capabilities.

FIG. 6 1llustrates an illustrative procedure and implemen-
tation plan of service-oriented process configuration accord-
ing to certain example embodiments. As shown 1n FIG. 6, a
business process 1s modeled (step S602), service-oriented
process configuration takes place (step S604), and business
process transformation and execution 1s carried out (S606).
The implementation plan for the service-oriented process
configuration step (step S604) 1s further broken down into
service matching and modeling (step S604a), manual ser-
vice selection (step S6045b), service composition (step
S604c), and automated service selection (step S6044d).
Example details of these sub-steps are provided below. It
will be appreciated that manual service selection (step
S604H) 1s an optional process. The example techmiques
shown and described 1in FIG. 6 may be implemented within
the ARIS platform, the webMethods BPMS, or other suit-
able architectures in different example embodiments. It will
be appreciated from the description herein that certain
example embodiments relate to the addition of a service-
oriented process configuration layer, which 1s made possible
by enhancing the way that business processes are modeled
visually or notationally, and through the implementation of
a metamodel. With respect to the former, 1t will be appre-
ciated that the model linking process steps and services may
be extended so as to support logical operators, rules or
constraints for matching process steps and services, depen-
dencies and relationships, etc. With respect to the latter, 1t
will be appreciated that a meta model may be provided so as
to provide support for evaluating or analyzing matches,
sometimes automatically, at either or both of runtime and
design time.

For configurational service matching, software function-
ality may be implemented 1n certain example embodiments
that compares service requirements with services available
and proposes resulting matches to the user. In certain
example embodiments, as alluded to above, matches may be
proposed and accepted automatically (e.g., without direct
human supervision, instruction, and/or confirmation).

Serving as a query object on the service repository, the
description of required service capabilities 1s compared
against the description of available service capabilities. This
comparison may be thought of as a form of brokering and
thus may 1n certain example instances depend on a compa-
rable description of the required service capabilities and the
available service capabilities. Semantic and syntactical simi-
larities of the two may indicate a match. Assuming that not
only software services are to be matched but also human
services, both categories may be addressed differently.

For software service descriptions, for example, one
description standard for web services 1s the Web Service
Description Language (WSDL). WSDL descriptions typi-
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cally mvolve syntax and thus sometimes provide little
insight into semantics of a service capability. They are
therefore oftentimes complemented by the UDDI specifica-
tion, which allows for structured and unstructured informa-
tion. UDDI registry specifications support two goals with
respect to service discovery. They address ex ante service
discovery in that they enable human developers to find
information about services they need to program soltware
that interact with those services (manual service matching).
On the other hand, they also facilitate ad hoc service
discovery, enabling client programs to query the registry and
dynamically bind their services of interest (automated ser-
vice matching). The UDDI inquiry interface may be kept
rather simple. To enable more sophisticated matchmaking,
presupposes that the descriptions are richer, e.g., character-
ization of the processes that services support (as in OWL-S
or UDSL, which are still under development). Richer
descriptions enable a more precise selection of services.

Human service matching differs from software service
matching, as it 1s not only the human service capability that
1s to be discovered, but also the underlying human service
resource that 1s to be assigned. Whereas human service
discovery may be implemented just as soltware service
discovery, the latter 1s addressed, for instance, by WS-
HumanTask and BPEL4People specifications with several
alternatives. For example, people may be assigned to a
human task via logical groups, via literals, or via expres-
sions. A logical group may represent a people query against
a people directory at runtime (ad hoc configuration). The
specifications listed above do not provide more details on
the exact discovery and invocation mechanisms of this
query. Literal assignments allow specifying of the user or the
group directly by i1dentifiers or names. Logical expressions
returning either an mstance of an organizational entity or of
a user are another option. Diflerent forms of people assign-
ment may produce multiple potential owners of the task.
Explicitly claiming a task, a potential owner becomes the
actual owner of this task. Thus, a human task assignment
may eventually be resolved by the human service resources
themselves fitting to the requirements of self-organization as
postulated for knowledge-intensive business processes.

Based on the modeling of service requirements and avail-
abilities 1n service capability diagrams, required service
capability types may be compared with available software
service 1mplementations. The comparison may match the
semantics and syntax of capability names, as well as 1nput
and output parameters. The definition of a match may vary.
Based on their semantic and syntactic equivalence exact and
sem1 matches may occur.

Exact matches may occur when the requested service
outputs are the same as the outputs provided by the service
capability type, e.g., when all the outputs of the requests are
matched against the outputs of the advertisement and all the
inputs ol the advertisement are matched against all the
inputs of the request, e.g., when the service 1s capable of
satistying the needs of the requester and the requester
provides all the inputs the matched service needs for its
operation. Thus, 1f even one of the requested outputs 1s not
matched against the outputs of the advertisement, the match
fails. More lenient approaches, however, allow for semi-
matching results that comply only with a subset of required
service properties.

Semi-matches can be further differentiated as follows:

Plug-in matches occur when the requested output 1s

subsumed by the provided outputs;

Subsuming matches occur when the requested output

subsumes the provided outputs;
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Overlapping matches occur when the requested output 1s
met partially by a subset of the provided outputs; and

Match failures occur when the overlapping of requested
and provided output 1s too small.

Semi-matches may be augmented by process mediation or
process composition. Process mediation may extract only
the relevant output from plug-in matches. Subsuming
matches may be composed to composite services providing,
the tully required functionality. Match failures may mvolve
the pool of available services being extended by new cus-
tom-built, purchased, outsourced or subscribed services
before a new iteration of service matching may be started.

To provide this service matching functionality to the user,
a user interface (Ul) may be provided. The user interface
may enable one or more of: selecting service capability
types (e.g., business services) and invoking a service match-
ing mquiry on them (context menu), presenting service
matching results for a specific service capability type (e.g.,
business service) i a list while indicating their matching
degree (full and semi) visually, proposing logical rules that
represent the relationship of selected services in context with
the respective service capability type (e.g., business service),
selecting service matching results and drop them on to the
modeling canvas 1n order to document, etc.

The base architecture may be extended to support con-
figurational service modeling, depending on the native capa-
bilities of the base architecture itself. This may include, for
example, the maintenance of new object types, relationship
types, symbol types attribute types, etc. The same may be
assigned to one or more model types that are considered
adequate, as appropriate.

The logical matching rule may involve symbol types for
disjunctive, conjunctive, and adjunctive rules. This rule
object may be further annotated by attribute types. The
attribute types in turn may specily parameters to resolve
logical matching rules before or during process execution.
This may be advantageous in the case of disjunctive rela-
tionships between multiple full service matches. Selection
parameters may help determine criteria along which final
service selection may be conducted (either manually or
automated). Groups of attribute types may be provided, with
such groups including, for example: quality-based selection
parameters pertaining to performance, security, stability and
deployability of services; cost-based selection parameters
pertaining to pricing and billing models of services; social
selection parameters pertaining to experiences shared by
previous service users and trustworthiness of service pro-
viders; and/or the like.

To make the results of service matching not only docu-
mented 1n the conceptual process models but also transier-
rable to technical process models (e.g., for automated ser-
vice selection), a data exchange format may be derived.

For both tasks (method extension and exchange format),
the example meta-model of FIG. 7 provides a starting point
for an illustrative implementation. In other words, FIG. 7 1s
an 1illustrative meta-model for extending process modeling
by service-oriented process configuration in accordance
with certain example embodiments. The meta model con-
structs a schema for the modeling language supporting
service-oriented process configuration. It includes object
types and their relationship types. Each object type may be
represented by multiple symbol types. The white object
types are common place for most process modeling lan-
guage (especially the event-driven process chain), the
shaded object types show example enhancements associated
with the service-oriented process configuration described
herein:
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A SERVICE TYPE 1s a class of services that share the
same SERVICE CAPABILITY TYPEs. The latter sup-
ports the execution of a process function, independent
of the degree of automation. In that sense, a SERVICE
TYPE and a SERVICE CAPABILITY TYPE serve as
requirements specifications to describe what service
support 1s needed to carry out a PROCESS FUNC-
TION.

A SERVICE CAPABILTY 1s an actually available service
operation that belongs to an actually available SER-
VICE. While SERVICE (CAPABILTY) TYPES
describe the target of a specific service support (to-be),
SERVICEs (CAPABILITIES) represent the given ser-
vice assets (as-1s).

or more SERVICE CAPABILTY TYPES match one or
more SERVICE CAPABILITIES, 1f they share the
same functional properties 1n terms of input, output,
and data processing, for example. These matches may
not always be full matches, but rather may sometimes
be semi-matches. In the likely case of a 1-to-n match-
ing, a CONFIGURATIONAL OPERATOR indicates
the logical relationship of those service capabilities and
service capability type.

A CONFIGURATIONAL OPERATOR 1s a DISTUNC-
TIVE, ADJUNCTIVE, or CONJUNCTIVE operator.
A DISJUNCTIVE operator 1s a CONFIGURATIONAL
OPERATOR that matches a SERVICE CAPABILITY
TYPE with multiple SERVICE CAPABILITYs, where
cach fulfills the service requirements individually (for
full matches). One of them 1s selected based on their
NONFUNCTIONAL PROPERTY (1es) before or dur-

ing run-time.

A CONJUNCTIVE operator 1s a CONFIGURATIONAL
OPERATOR that matches a SERVICE CAPABILITY
TYPE with multiple SERVICE CAPABILITY (ies) that
tulfill the service requirements only partially (for semi-

matches) and are combined to support the process step.
An ADJUNCTIVE operator 1s a CONFIGURATIONAL

OPERATOR that connects both full- and semi-matches
with a SERVICE CAPABILITY, but leaves their com-
bination open (e.g., to the user or the respective situ-
ation at run).

Generally speaking, a SERVICE CAPABILTY may be
further categorized. On the one hand, they may be
divided by their degree of automation mto AUTO-
MATED, SEMI-AUTOMATED, or MANUAL SER-
VICE CAPABILITYSs. On the other hand, they may be
typified by the way they interact technically with the
user and/or process. For instance, A NOTIFICATION
SERVICE CAPABILITY may only provide informa-
tion about a change of state and thus may not provide
any response (fire-and-forget). An ASYNCHRONOUS
SERVICE CAPABILITY may be mvoked and then
asynchronously performed (without blocking the pro-
cess flow) before delivering a result. An INTERAC-
TIVE SERVICE CAPABILITY may interact synchro-
nously with both user and process, e.g. the process tlow
1s blocked until the service 1s performed and a response
1s provided.

With respect to manual and automated service selection,
it 1s noted that disjunctive operators (XOR) may be resolved
either manually or automatically. In both cases, a ranked list
of preferred services available may be generated based on
the parameters specified. For manual selection, the user
interface may help the user browse preferred service
matches and select and deploy one. For automated selection,
the top-ranked service may be automatically chosen and
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deployed. The adjunctive operator (OR) may not be resolved
unambiguously belfore process execution but instead may
require situational parameters to be evaluated at runtime.
Situational parameters may be gleaned from user 1nteraction
behavior and data availability. For example, this may be 5
achieved by evaluating data input on user masks. If situ-
ational parameters cannot be derived automatically from the
SO-BPS, additional user involvement comparable to the UI
for manual service selection may be necessary or desirable.

With respect to service composition, 1t 1s noted that 10
matching services connected with an AND-rule may only
meet the requirements of the business services when being,
composed to a new service. Thus, conjunctive operators
(AND) may signal a need for a new software service to be
developed. Software support for conjunctive service 15
matches therefore may include generating a service require-
ments specification based on the given semi-matching ser-
vices and their business service requirement. This specifi-
cation may be generated from a configurational process
model and transierred to a service development environment 20
or service repository in certain example embodiments, and
it may represent a trigger for a new service engineering
instance.

FIG. 8 1s an 1llustrative architectural diagram in accor-
dance with certain example embodiments. As shown 1n FIG. 25
8, software resources imclude data logic and application
logic and have associated soitware services, whereas human
resources have associated human services. These resources
and services are at least inmitially located at the bottom-most
service provision layer. They may, however, be added to a 30
service broker or registry. Presentation logic may result 1n
displays, e.g., for users. The presentation logic may call
interactive services that, 1n turn, cause events with associ-
ated functions according to process logic. As indicated
above, the functions may be matched with services 1n the 35
service broker or registry. Appropriate services may be
selected 1n accordance with configurational operators, also
as described above. It will be appreciated that the matching
of functions to services may be performed ex ante or on an
ad hoc basis 1n accordance with the techniques described 40
herein.

It will be appreciated that as used herein, the terms
system, subsystem, service, programmed logic circuitry, and
the like may be implemented as any suitable combination of
software, hardware, firmware, and/or the like. It also will be 45
appreciated that the storage locations herein may be any
suitable combination of disk drive devices, memory loca-
tions, solid state drives, CD-ROMSs, DVDs, tape backups,
storage area network (SAN) systems, and/or any other
appropriate tangible computer readable storage medium. It 50
also will be appreciated that the techniques described herein
may be accomplished by having a processor execute mnstruc-
tions that may be tangibly stored on a computer readable
storage medium.

While the invention has been described in connection 55
with what 1s presently considered to be the most practical
and preferred embodiment, it 1s to be understood that the
invention 1s not to be limited to the disclosed embodiment,
but on the contrary, 1s intended to cover various modifica-
tions and equivalent arrangements included within the spirit 60
and scope of the appended claims.

What 1s claimed 1s:

1. A method for configuring a service-oriented business
process system 1n which business process functions, events, 65
and services are defined and transformed into a technical
business process model, the method comprising:
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at a process management system having at least one
memory and at least one processor, the process man-
agement system interacting with heterogeneous and

distributed software systems for executing parts of a

process, the distributed software systems utilizing, at

least, web-based services to participate in the process,
the process management system configured to:

match business process functions to services to form an

extended event-driven process chain (eEPC) by
comparing semantic similarities and syntactical
similarities between service requirements with ser-
vices available from a service repository, each said
service having an associated service capability and
cach said service capability having at least one
assoclated service resource;

merge, when multiple matches are possible for a single

business process function, the possible matches 1n
accordance with a configurational operator, the con-
figurational operator being one of a disjunctive
operator, a conjunctive operator, and an adjunctive
operator; and

convert the eEPC to a service-oriented event-driven

process chain (sEPC) by replacing service capabili-
ties with the associated matching services and the
associated configurational operator in accordance
with integrity rules,
wherein the integrity rules comprise allowing automated
functions to be assigned to disjunctive or conjunctive
service capabilities calling upon, at least, a software
resource, allowing semi-automated functions to include
human service capabilities calling upon, at least, a
human resource, and at least one interaction service
capability calling upon, at least, a software resource,
and allowing manual functions to include human ser-
vice capabilities calling upon, at least, a human
resource, and to be assigned to adjunctive service
capabilities such that deployment of manual functions
1s user-specified.

2. The method of claim 1, further comprising proposing
matches that are presented to a user for selection during said
matching.

3. The method of claim 1, wherein software services are
matched according to a first matching parameter and human
services are matched according to a second matching param-
eter.

4. The method of claim 3, wherein comparisons relating
to soltware services are based at least 1 part on WSDL
descriptions and/or UDDI registry specifications.

5. The method of claim 4, wherein the WSDL descriptions
involve syntax in association with a service capability.

6. The method of claim 4, wherein the UDDI registry
specifications mvolve semantics 1n association with a ser-
vice capability.

7. The method of claim 4, wherein the UDDI registry
supports, at least, ad hoc service discovery enabling client
programs to query the UDDI registry and dynamically bind
SErvices.

8. The method of claim 1, wherein comparisons relating
to human services are based at least in part on WS-Human-
Task and/or BPEL4People specifications.

9. The method of claim 1, wherein people are assigned to
a human task via logical groups, literals, or expressions.

10. The method of claim 1, wherein matches are classified
as either exact matches when requested service outputs are
the same as outputs provided by the service capability type,
or semi-matches.
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11. The method of claim 10, wherein semi-matches are
turther classified as being one of plug-in matches where
requested output 1s subsumed by provided outputs, subsum-
ing matches where requested output subsumes provided
outputs, overlapping matches where requested output 1s met
partially by a subset of provided outputs, and match failures
where overlapping of requested and provided output i1s
below a predefined threshold.

12. The method of claim 11, further comprising providing
a user 1terface enabling a user to select service capability
types and invoke a service matching inquiry on them,
present service matching results for a specific service capa-
bility type along with a matching degree, propose logical
rules that represent the relationship of selected services in
context with the respective service capability type, and
document service matching results.

13. The method of claim 1, further comprising enabling
service modeling 1n connection with a predefined meta-
model supporting logical mapping rules.

14. The method of claim 1, wherein the method 1s
performable ex ante at design time and/or ad hoc at run time.

15. The method of claim 1, wherein an n-to-m relationship
between the business process functions and the services 1s
established.

16. The method of claim 15, further comprising identi-
tying and resolving configurational dependencies between
the associated matching services supporting future designs
and dynamic changes at runtime.

17. A method for running a service-oriented business
process system in which business events and services are
defined, the method comprising;

at a process management system having at least one

memory and at least one processor, the process man-

agement system interacting with heterogeneous and

distributed software systems for executing parts of a

process, the distributed software systems utilizing, at

least, web-based services to participate in the process,

the process management system configured to:

match business process functions to services to form an
extended event-driven process chain (eEPC) by
comparing semantic similarities and syntactical
similarities between service requirements with ser-
vices available from a service repository, each said
service having an associated service capability and
cach said service capability having at least one
assoclated service resource;

merge, when multiple matches are possible for a single
business process function, the possible matches 1n
accordance with a configurational operator, the con-
figurational operator being one of a disjunctive
operator, a conjunctive operator, and an adjunctive
operator;

convert the eEPC to a service-oriented event-driven
process chain (sEPC) by replacing service capabili-
ties with the associated matching services and the
associated configurational operator 1n accordance
with integrity rules; and

execute, when a business event 1s to be triggered, the
matching service if there are no associated configu-
rational operators and otherwise resolving which
service 1s to be executed i dependence on the
associated configuration operator,

wherein the integrity rules comprise allowing automated

functions to be assigned to disjunctive or conjunctive
service capabilities calling upon, at least, a software
resource, allowing semi-automated functions to include
human service capabilities calling upon, at least, a
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human resource, and at least one interaction service
capability calling upon, at least, a software resource,
and allowing manual functions to include human ser-
vice capabilities calling upon, at least, a human
resource, and to be assigned to adjunctive service
capabilities such that deployment of manual functions
1s user-specified.

18. The method of claim 17, further comprising employ-
ing resolution rules to determine at least one service to be
executed.

19. The method of claim 18, wherein the resolution rules
are based at least 1 part on the configurational operator
associated with the matching service(s).

20. The method of claim 19, wherein the method 1s
performable ex ante at design time and/or ad hoc at run time.

21. A non-transitory computer-readable storage medium
comprising nstructions that, when executed by at least one
processor ol an information processing system, cause the
system to:

match business process functions to services to form an

extended event-driven process chain (eEPC) by com-
paring semantic similarities and syntactical similarities
between service requirements with services available
from a service repository, each said service having an
associated service capability and each said service
capability having at least one associated service
resource;

merge, when multiple matches are possible for a single

business process function, the possible matches 1n
accordance with a configurational operator, the con-
figurational operator being one of a disjunctive opera-
tor, a conjunctive operator, and an adjunctive operator;
and

convert the eEPC to a service-oriented event-driven pro-

cess chain (sEPC) by replacing service capabilities with
the associated matching services and the associated
configurational operator in accordance with integrity
rules,

wherein the integrity rules comprise allowing automated

functions to be assigned to disjunctive or conjunctive
service capabilities calling upon, at least, a software
resource, allowing semi-automated functions to include

human service capabilities calling upon, at least, a

human resource, and at least one interaction service
capability calling upon, at least, a software resource,
and allowing manual functions to include human ser-
vice capabilities calling upon, at least, a human
resource, and to be assigned to adjunctive service
capabilities such that deployment of manual functions
1s user-specified.

22. A non-transitory computer-readable storage medium
comprising instructions that, when executed by at least one
processor ol an information processing system, cause the
system to:

match business process functions to services to form an

extended event-driven process chain (eEPC) by com-
paring semantic similarities and syntactical similarities
between service requirements with services available
from a service repository, each said service having an
associated service capability and each said service
capability having at least one associated service
resource;

merge, when multiple matches are possible for a single

business process function, the possible matches in
accordance with a configurational operator, the con-
figurational operator being one of a disjunctive opera-
tor, a conjunctive operator, and an adjunctive operator;
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convert the eEPC to a service-oriented event-driven pro-
cess chain (sEPC) by replacing service capabilities with
the associated matching services and the associated
configurational operator 1n accordance with integrity
rules; and
execute, when a business event 1s to be triggered, the
matching service 1f there are no associated configura-
tional operators and otherwise resolving which service
1s to be executed in dependence on the associated
configuration operator,
wherein the integrity rules comprise allowing automated
functions to be assigned to disjunctive or conjunctive
service capabilities calling upon, at least, a software
resource, allowing semi-automated functions to include
human service capabilities calling upon, at least, a
human resource, and at least one interaction service
capability calling upon, at least, a software resource,
and allowing manual functions to include human ser-
vice capabilities calling upon, at least, a human
resource, and to be assigned to adjunctive service
capabilities such that deployment of manual functions
1s user-specified.
23. A process management system interacting with het-
erogeneous and distributed software systems for executing
parts of a process, the distributed software systems utilizing,
at least, web-based services to participate 1n the process, the
process management system comprising;:
a data store stored 1n a memory of the system, the data
store 1ncluding predefined business events and ser-
vices:
at least one processor configured to:
match business process functions to services to form an
extended event process chain (eEPC) by comparing
semantic similarities and syntactical similarities
between service requirements with services available
from a service repository, each said service having an
associated service capability and each said service
capability having at least one associated service
resource;

merge, when multiple matches are possible for a single
business process function, the possible matches 1n
accordance with a configurational operator, the con-
figurational operator being one of a disjunctive
operator, a conjunctive operator, and an adjunctive
operator; and

convert the eEPC to a service-oriented event process
chain (sEPC) by replacing service capabilities with
the associated matching services and the associated
configurational operator in accordance with integrity
rules;
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execute, when a business process function 1s to be
triggered by a preceding business event, the associ-
ated matching service if there are no associated
configurational operators and otherwise resolving,
either ex ante or on an ad hoc basis, which service 1s
to be executed in dependence on the associated
conliguration operator,

wherein the integrity rules comprise allowing auto-
mated functions to be assigned to disjunctive or
conjunctive service capabilities calling upon, at
least, a software resource, allowing semi-automated
functions to include human service capabilities call-
ing upon, at least, a human resource, and at least one
interaction service capability calling upon, at least, a
soltware resource, and allowing manual functions to
include human service capabilities calling upon, at
least, a human resource, and to be assigned to
adjunctive service capabilities such that deployment
ol manual functions 1s user-specified.

24. The system of claim 23, wherein the at least one
processor 1s further configured to employ resolution rules to
determine at least one service to be executed, the resolution
rules being based at least in part on the configurational
operator associated with the associated matching service.

25. The system of claim 23, wherein the at least one
processor 1s further configured to perform comparisons
relating to software services based at least in part on WSDL
descriptions and/or UDDI registry specifications, as well as
comparisons relating to human services based at least 1n part
on WS-HumanTask and/or BPEL4People specifications.

26. The system of claim 23, wherein the at least one
processor 1s further configured to classity matches as either
exact matches when requested service outputs are the same
as outputs provided by the service capability type, or semi-
matches.

27. The system of claim 23, further comprising a user
interface enabling a user to select service capability types
and mvoke a service matching inquiry on them, present
service matching results for a specific service capability type
along with a matching degree, propose logical rules that
represent the relationship of selected services 1n context with
the respective service capability type, and document service
matching results.

28. The system of claim 23, further comprising a pre-
defined metamodel supporting logical mapping rules sup-
porting service modeling as enabled by the at least one
Processor.
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